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D. L. GrisheD, E. L. 8kbers, J. E. ~, R. E. Msyer, P. J. Stroik, smd M. D. Wickh-t

AsmwT

lllis psper WLll qdcte the ststus, iqmveuats,
~ .,qlx* of ty yti~ ~~&#-&?*-
ts8 plwiously rsportsd.
gowrthe fbtorctoLqswctb@fficienwSnd

mwte-tit-cc operct@ns u tho Cusltoc
p. ~~== Nssoa Physics ?Scility (w@P) .

me alitcr MC-hcnaillg syste8 Oonsists of a
hydrcu)ic tmck Iosder wcd cs ● tmuportctlon snd
pmtiociag dsvice to puce tie Solectcd mcipamtors
● ths work site. visu’LugLsCoqlotoly by tolsvision
snd shi olding for the aperctors Ln ths mcctsr ststioa
is by dkcncc clone. ‘lTMass of ● rcto-coatmlled
8SUi@ltOS cud 4 ailat~ h@SdiC S~ ipuhtor
fOX rom)tobsu niatencnce was rqorted h Rsf. 1.

Sillco ths rsdistioaIsvsls ●xcesd 105R/hin tho
besmswp sre= 8nd sppmcch thct lSVOI in the three
LAwP tu%gstCress,it is krecsiagly iqsr8tsve thst
tbs rsmw-hcQdLiag systembe Cqsblo of mtmsasnco,
~, cd rsplccasnt of cu th compoamts iii tmso
cress . W _ systa, Monitor, busd on ths WO of
fores.refuctiag Mlli

13
atom m)d viewing drily by tolo-

VLsioa, hss Cccaplis thct Sos2, CLthough signifi-
(!alt iqrov-tg hcvc ~ ~~l:r$~v.d ~ till * . &ato-
grstcd into tho system in tho codag mths snd yocrs.
Iho ●ff@rt to design propsr tooliIw to sssws the msad-
N utillscttonof ths raote-hcndling systa hcs gono
in pusl 10I with tlw dsvolopnt of tho systsm i’xolf.

DBSCMPT20N

‘lho pSWSIWsysta WS8 tb bcsic hydrsdic truck
losder al rho trcwprt sad support mechsals% which
Mves ** nnipumtors to the Sctlld Wrk Site. ‘n10
primry tmi~laters nm wsd cm s psi? of Tolo-
Om’ctor Systems (’!0S) Modol *229 bilmmsl .l.ctric

thst - be rotatsd shout ita vorticsl SXIS. Also
WCi: Sblm to be wt@d Oa tho ShaGLder for special
USC are ~ I&ilaterck hydr8u2ic nstormave sorvo-
8sai.@ator kilt by Remotion Coquny snd a PAR-2(MO
•iti~cd msnipUL8tor.

Tho ShoIILder is Coimsctd to ths bom by ● lsvol-
Lng drtvc thct Opemtes ~tically to Mirltaia tho
shoulder .*8 verticcl. This cllous the operctors t.
8ciatcius SpcticzOrisntstioll ●t Vcriousboom Sllgl*s .
no levd~ drive CLSOSCrVSS M a ~ of ●xteadiag
the Crsno boom Whal requbd.

On. of rho six tolsvision cswrue nomslly s8-
pbyed durinf s remto Cqmstbn is shown U well.
‘lllis pcrtklhr boo9 Csmrc hcs psn-tilt CapSbmty,
With ● 10 to 1 toa lens, sad m LmaMescent light
with Latsasity control.

In sctud operction, tho Nonitor hydrsulic crcno
is” plcced on tho edgo of a hole opened ia the shield-
Lng to eqoso tho yretonboa line. The opwctioa
tckes plsce b ● S-8 by 6-m hole with the besm MI.
6 m behw tho lsvel uhers Mmitor is positioned. Tols-
visian oneras sre plsced ●t the sdgo of the hole cnd
su the hydrcbUic crsne boom to provids m oversl 1 view
of the uork srsa. Another caers SLBLIUIY quLppsdto
the boom ccwxs is tsken to the work area by a light-
weight ●xtsndsble msst (Stem). The present mwter
stationCrrca@&IIt iS shown La Fig. 2. It COntSinS,
4tcrting frcO ths left:

1. Tha resters of the W servounipulator sys-
tem.

2. A television monitor ‘md tho 70S sorvounipu-
lator ustor controls cud pouor supplies.

s* SLx tolsvision monitox~. television cswrs
mister/slsire smmanipulmrs, 1O-IW ospcity, mmtsd snd light controls, snd television csmerspower sup-
on the @nd of tho boom-of tho hydrculic
Ln Fig. 1, the MIIipuhtore srs momted

Grsne. As shown
on c shoulder

—. . -. ..

Fig. 1. Monitor oporctlng and.

plies.
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Fig. 2. Monitor muter station.
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4. Mamor intorphono epeakor (81*v0 end is nor-
Bslly mountedbetween tho slave Mnipulstors), tho
Stem controls, the hydraulic crane controls, tool air
or electric power controls, and slide switch controls
for the PAR-3000 electmmchanical manipulator.

s. A television monitor amd vidw tape recorder.

The master is contained in ● 6-m-long trailer
specifically desigmed for that purpose. Early place-
aent of the aaster station in the LAUPFmain experi-
mental hall proved to be unacceptable in terms of
noise, lighting, amd traffic. The trailer provides ●

quiet, propsrly Mghtsd work place thst is mmducive
to the patience and pereerveranco nscess?ry, on the
operator’s psfi, to successfully perfomd.ifficult
remote-handling tasks.

Tho connection between the master and slave sta-
tions in the Monitor system consists of several mUti-
ple conductor cables, totaling about 400 conductors,
including coaxial cables.

ACCWLI%MNTS

Sinco the original wmote operation that was re-
ported on in Ref. 1, thQ following remote operations
have been perforned:

1. Repaired a vacuum leak on the third target
box, added swster-cooled shield to reduce the heat
load on the downstream vacuuB clamp, and installed an
air-cooling line for that clamp in %ptmber and
October 1977. “IMS was the first use of a TOS ●m,
and involved operations as follows:

Added a hardensd washer containing a
thermocoup~~ to the vacuum flange cla8p bolt and
tightened the bolt. ,

b. Routed and properly aimed an air-cooling
line to the above clamp to liBIt the tamwvature cycl-
ing.

c. Installed the 40-lb water-cooled shield
under another overhanging shield and connected its
cooling lines to the existing water system.

2. Replaced the failed beam exit wind~ and
collimator in the beam stop urea (also done during
Septumh*r and October 1977). This involved operations
as follows:

a. Disconnected the water-cooling lines to
the collimator and removed the collimator.

b. Disconnected the water-cooling lines
from the window assembly, disconnected the vacuum
clamp to the main beam line, and removed the collima-
tor,

c. Installed a new water circuit to the
window to isolate it from other w?ter-cooled items.

d. Reinstalled the window and hooked up
cooling lines.

●✎ Remade the vacuum connection and leak-
checked romotaly.

f. Reinstalled the collimator and hooked
up cooling lines.

3. Various attempt to iix heat-dependent vacuum
leaks in the third target cell during January and March
1978; this involved tightening vacuum clamp bolts and
bolted vacuum joints as well as leak checking,

Aft@- the unsuccessful ●ttempt to repair the
va~”leaks .n the third target COU, a newly deaigned
targat box was installed during April amdhlay 1978.
Oparationa wereas follms:

Disconnected water and vacum cunmectors
removed a&oundi ng shielding, and extracted the ex-
tremely radioactive PIOOO R/h) ts%?~ box.

!). Rerouted COOling water lines to the tu-
get box and shielding.

Installed the new target box, connected
cooling wa;k and vaakrn joints, amd installed i=proved
target cell shielding.

s. During SaptaMmr emd October 1978, water
leaks on the second target box end in the beam stop
uea were repsired or isolated. The following work
itm were accomplished:

a. Removed and capped mpper lines with
unrepairable leaks, and added a drip-cooling syst- as
a replacement.

b. Removed ● leaking copper line by cutting
with a reciprocating saw and loosening ● awagelock
fitting. After wire bruahinp. a new solder joint was
made and the awagelock was tightened.

Moved the main beam stop to ● new posi-
tion afterc;he inoperative drive was disaasaablad.

6. January and Febx%ary 1979 were spent in re-
placing ● magnet-protection collimator in the second
target cell. The follwing operations were perfomed:

●✎ Repaired a vacuum clamp by drilling out
the broken bolt and replacing it with ● toggle-type
bolt.

b. Cut and rmoldered copper water lines.

c. Removed and replaced thermocouples.

d. Removed and replaced vacuum clamps and
seals.

e. Vacuum-leak checked.

In conjunction with the development of the ramote-
handling equipmant, a parallel effort in the develop-
ment of remote tooling has been accomplished. These
tools range from hand tools for a single purpose (i.e.,
a haok to hold up a vacuum clamp while the bolt ia
fastened) to powered saws, grinders, drills, wrenches
and hammers. About half the powered tools are corn.
mercial items adapted for remote use, while the rest
are specifically designed for LAMPF’s purpose.

Tools should be considered the logical adjunct to
the manipulators, ]ust as a man’s arm requires tools
for most usaful endeavors.

FIJTURSPLANS

The plans for the near term are as follows:

1. Completion of the Monitor 11 slave unit with
a second-generation leveling driv~, shoulder, camera
mounts, Stem positioning unit, and hydraulic crane
joint position indicators.

2. Completion of the Monitor II mastar control
station, which will include new placement of televi-
sion monitors and controls, and fully adjustable mas-
ter manipulator mounts.
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3. Intstlsify the ~ of cpsr8tors ttmugh
mslistic *kUps of tho Sctusl hsrduue Configuration
in *O tsrget Cslls.

4. ~ tLo toloriskm-viegn;dypgu~

by possablo uso of stereo, sewocon
tiltsits, =d fbrther iuvosti~te OthO? ~id
tolovisim OqUipmMt. Fiber-optic syetm will W
tostod to ●xtsnd tho television-vi~ capability.

Acquisition of Sllothsrpsir of Sdvmlcedmsni-
pul&s.

Wrther develop raots-solderillg technlquss
and A1OP mto-ueldillg Cspebllity.

7. Contiaw tbo developmlt of pertinent tool-
ing.

Long-tom plsns include:

1. Dsvdopmsnt of more sdvsacd 8sstor/slwo
systems with s Zousr threshold of forto-rsfloctiom
snd incresssd CSpSCi~ to 25-30 kg. Bxperimsntsat
LAWF lsst ~ provsd thst tho forco-reflsctioa
threshold of u one-dsgrse-of-hdcn hydrculic msni-
Pu2ator csm b. decrecsed by an order of Bsgnituds.
~iS iS sccoqlished by mSSSUZill# tho ShfO fOXCO with

strsia gsges snd spplying thst force to tho ustor.
Slmilsr ●xporimsnts hsvs besn conductsd by TQSsnd
Remtion Compsny.

2. Fully Implsment
●now hosd-t M or etiwr
Schsmss.

Servotontrol of Canrss to
m Sdvslwed CcBsrs-control

3. Aut-to the hydrsulic crsne to phco ths “
manipulators at the W* ststioa in ths shortest pos-
siblo t-.

(MWWIONS

Tho LAMPFres90te+eadltllg Systa, kknlitor, hss
bean developed into A Systa thst Csn psrfo19 -te-
msintsnsaco, rspsir, sad replscemsnt of highly radio-
active VOWS by using only television u the vieu-
iag mdi=. l’hiS tsthnolo~ can snd should ba sxtsnded
to OthOT arms where (i4xtofity and 8ps0d - inCrOSSa
tho ●fficiency of OpsrttionSnd decrauo *O radiation
exposureto porsonnol. Interest hss now bssn genersted
in fusion rssctor ●qsriments sad in fusl processing to
us. sdvsncsd -te-hsudling Systm similsr to Monitor.
It s- that sn sdvsnced mte-hsndling system could
profitably be ●pplied to nuclosr pousr resctor rspai r
snd nuclesr wsste handling.
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J. J. Wrgerjon, E. L. Bkberg, D. L. Grishn, R. A.
Home, R. E. Msyer, C. R. Flatsu, snd K. B. Wilson,
11A~lutia f= R@&It. ffUtdlbg h ACCOhX’Stor h8td-

ktions,’~ 1SS2 -S. ?&ICl. sci. , Vol. NS-24, No. 3,
Jtate 1977.


